Three qualities of Eastern Polynesian sandalwood oil were analyzed using GC and GC-MS. Sixty-six constituents were identified: 5 monoterpenes, 58 sesquiterpenes and 3 others. The main constituents of the essential oils were (Z)-α-santalol and (Z)-β-santalol. Beside chemical composition, olfactory evaluation and chiral gas chromatography of β-and epi-β-bisabolol isomers confirmed the close relationship of Eastern Polynesian to East Indian and New Caledonian sandalwood oil.
Previous investigations of Western Australian and New Caledonian sandalwood oil helped to identify an olfactory substitute suitable for the highly appreciated, but very expensive East Indian sandalwood oil [1] . However, from a long-term perspective, cultivation of Santalum seems to be the only possibility to source the growing demand and to concomitantly reduce the price of sandalwood oil, without further destroying nature by overexploitation.
Santalum insulare Bertero ex A. DC. seems to be one possible candidate for plantation due to its high adaptive capacity [2] . S. insulare is one of the 16 semi-parasitic Santalum species of Asia and the Pacific distributed through a huge geographical area on 13 islands of Eastern Polynesia and consisting of nine botanical varieties [2, 3] . So far, four new natural products have been isolated from the heartwood [4] and leaf extracts [5] . However, only little is known about the volatile part of Eastern Polynesian sandalwood concrete [6] and, to the best of our knowledge, no detailed oil analysis has been published due to the fact that the oil is commercially unavailable. Here we report detailed analyses of three Eastern Polynesian sandalwood oils from S. insulare and comparison of these with other sandalwood oils in terms of constituents, odor and ratio of epi-β-/β-bisabolol isomers [7] .
Three Eastern Polynesian sandalwood oils were analyzed by GC and GC/MS (see Table 1 ). Sample A was hydro-distilled from a heartwood mixture of three different S. insulare varieties (insulare, raiateense and marchionense), while B and C were produced from single S. insulare varieties: raiateense and marchionense, respectively (for details see Experimental, Table 5 ). Constituents were identified by comparison of their mass spectra with known compounds, published spectra, and the Symrise in-house library [8] . (Z)-α-Santalol (A/B/C: 48.7/47.0/39.1%), (Z)-β-santalol (18.3/19.9/16.9%), (Z)-trans-α-bergamotol (3.7/6.4/5.8%), epi-β-santalol (4.7/4.5/3.9%) and (Z)-nuciferol (0.9/1.1/5.7%) were detected as the main constituents. A detailed odor evaluation by our perfumers revealed that all three oils elicit a soft, sweet-dry-woody, nutty, animalic-balsamic odor, slightly weaker than East Indian sandalwood oil, but comparably longlasting on the smelling strip. The top note, however, was different between A/B (little, no particular) and C (dry spicy-woody). Moreover the odor impression of C was overall weaker compared to A/B. This is probably linked to the lower (Z)-α-and β-santalol content [14] and especially to the reduced amount of (Z)-β-santalol, which has greater significance at the olfactory level [15] .
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Chiral GC analysis ( Figure 1 , Table 2 ) of β-bisabolol/epi-β-bisabolol isomers [7] should further confirm the close relationship between Eastern Polynesian, East Indian and New Caledonian sandalwood oils.
The predominant isomer in S. insulare has a (6R,7R) configuration, like in S. album and S. austrocaledonicum, indicating the close connection of these three species (see Table 2 ). However, it is interesting to note, that in comparison to all other sandalwood species, including S. spicatum, the predominant epi-β-bisabolol isomers have (6S,7R) configuration (Table 2 ). This cannot be linked to an isolation artifact, due to the fact that enantiomers are only separated in the last GC step. However, due to the fact that A consists of three different varieties, we cannot rule out that the result is only linked to one variety. Further data analysis (Table 3) showed that β-bisabolol (R,R/S,S) is formed preferentially over the epi-β-bisabolol (R,S/S,R) diastereomer, except in the case of S. spicatum. However, the diastereomeric excess (de) varies from ≥20 to ≥58%.
On the level of enantiomers, (R,R)-configuration is favored over (S,S)-β-bisabolol in all four
Santalum species Table 4 ). The enantiomeric excess (ee) is much higher (≥83 to ≥92%) for Santalum album, S. insulare and S. austocaledonicum compared to S. spicatum (≥12%). It is interesting to note in this context, that only the (R,R)-isomer of iso-β-bisabolol is odor active, having a strong floral, muguet-like, very pleasant smell [16] . This trace constituent is much more strongly detected by GC-olfactometry in the species in which the corresponding (R,R)-β-bisabolol is predominant. Table 4 : Enantiomeric ratio and excess (ee) of β-bisabolol (R,R) / (S,S) and epi-β-bisabolol (R,S) / (S,R) in different Santalum species. The picture is less consistent for the epi-β-bisabolol (R,S/S,R) enantiomers. In S. spicatum the (R,S)-isomer is significantly predominant (ee ≥85%). This enantiomer is also preferred in S. album and S. austocaledonicum (≥5 to ≥25%), while in S. insulare, the (S,R)-configuration is favored.
In summary, our analysis of epi-β-and β-bisabolol indicates that Santalum species can be separated into two groups: a S. spicatum type and a S. album type, the latter also including S. austrocaledonicum and S. insulare.
In conclusion, our investigation revealed the close relationship between Santalum insulare, S. album, and S. austrocaledonicum var. austrocaledonicum. Both New Caledonian and Eastern Polynesian sandalwood could be used, after successful plantation, as a raw material source for the substitution of the extremely high priced East Indian sandalwood oil (2030 Euro/kg) [17] . Moreover, Eastern Polynesian sandalwood oil can further enrich the range of perfumery raw materials used in the fragrance industry [18] . Plant material: Eastern Polynesian sandalwood (different varieties of S. insulare) was collected from dead trees in the daytime (10 am to 3 pm) in French Polynesia (for details see Table 5 ). The name Eastern Polynesian sandalwood oil is used instead of Polynesian sandalwood oil to specify exactly the provenance of the oil due to the fact that Polynesia encompasses, beside French Polynesia, Tonga and Hawaii and, for some people, Fiji as well [2, 3] .
Oil isolation: Heartwood shavings from either stump or trunk of S. insulare were hydro-distilled for 36 h to yield 5.1-7.3% of a slightly yellow oil.
β-Bisabolol/epi-β-bisabolol isolation: Sandalwood oil (15 g, 0.59% β-/epi-β-bisabolol) was chromatographed over silica gel with n-hexane/Et 2 O (100:0 in 1% steps to 85:25). Fractions were combined according to their composition, as assessed by GC. Due to a possible separation of the diastereoisomers, it was important to check carefully the fractions, otherwise the final chiral analysis would be adulterated. The mixture (30%) can be acetylated under standard conditions (Ac 2 O, DMAP, NEt 3 , CH 2 Cl 2 ) at room temperature, followed by chromatography (silica gel, n-hexane/Et 2 O from 97:3 in 1% steps to 85:25) to enrich the target compounds further (62%) or directly purified by two-dimensional preparative GC (97%). For spectroscopic ( 1 H, 13 C NMR, GC/FTIR) data see literature [7] . 
